The multi-component decaying dark matter (DM) scenario is investigated to explain the possible excesses in the positron fraction by PAMELA and recently confirmed by AMS-02, and in the total e + + e − flux observed by Fermi-LAT. By performing the χ 2 fits, we find that two DM components are already enough to give a reasonable fit of both AMS-02 and Fermi-LAT data. The best-fitted results show that the heavier DM component with its mass 1.5 TeV dominantly decays through the µ-channel, while the lighter one of 100 GeV mainly through the τ -channel. As a byproduct, the fine structure around 100 GeV observed by AMS-02 and Fermi-LAT can be naturally explained by the dropping due to the lighter DM component. With the obtained model parameters by the fitting, we calculate the diffuse γ-ray emission spectrum in this two-component DM scenario, and find that it is consistent with the data measured by Fermi-LAT. We also construct a microscopic particle DM model to naturally realize the two-component DM scenario, and point out an interesting neutrino signal which is possible to be measured in the near future by IceCube.
I. INTRODUCTION
The constitution of the cosmic ray (CR) can always tell us a lot about our Galaxy and our universe. Recently, the AMS-02 collaboration has published the first measurement of the positron fraction e + /(e − + e + ) in CR with a high precision, which shows a continuous rise from 5 up to 350 GeV [1] and confirms the general behavior previously measured by CAPRICE [2] , HEAT [3, 4] , AMS-01 [5] , PAMELA [6, 7] and Fermi-LAT [8] . The observed uprise is in stark contrast with the conventional expectations based on the secondary-origin positrons, whose fraction is just monotonically decreasing with energy. Furthermore, the total flux spectrum of electrons and positrons measured by ATIC [9] , PPB-BETS [10] , HESS [11, 12] , Fermi-LAT [13, 14] and more recently by AMS-02 is harder than those expected from the conventional astrophysical background, indicating some excesses in the energy range higher than 10 GeV. All these results imply that there exist some extra exotic e ± sources in our Galaxy which are unknown to us.
In the literature, there have been many possible mechanisms, such as the astrophysical source like pulsars [15] , annihilating dark matter (DM) [16] [17] [18] [19] and decaying DM [16, [20] [21] [22] [23] [24] . However, it is pointed out in Refs. [25] [26] [27] [28] [29] that there is a tension between the AMS-02 positron fraction and the Fermi-LAT total flux since the slope of the former decreases one order of magnitude from 10 to 250 GeV [1] , while the latter is much flatter. In particular, for the simplest scenario with a single type of DM whose decay is mainly through the leptonic two-body channels, it is difficult in performing a good fit of the AMS-02 and Fermi-LAT data simultaneously [27, 29] . In order to reduce this tension, we need to resort to some more complicated models, such as three/four-body decaying/annihilating [24] , asymmetric decaying [30] , dynamical DMs [31] as well as other astrophysical solutions [15, 27] .
More interestingly, the positron fraction from AMS-02 and the total e + + e − flux from
Fermi-LAT and many other experiments show a structure with "flash damp" or "jerk" around 100 GeV. Since this fine structure is observed in more than two independent experiments, we think it is reasonable to take it seriously, though it can also be caused by the statistical fluctuations.
In this paper, we propose a multi-component decaying DM scenario with two-body leptonic decay channels. Such a scenario can reconcile the tension between the AMS-02 and
Fermi-LAT data since the change of the slope in the spectrum is achieved by the different channels of two DM components. Moreover, the fine structure in the two data sets has the natural explanation that the lighter DM drops around 100 GeV. Although the similar scenario has already been considered in Ref. [32] , our present discussion is more general.
As mentioned in Ref. [33] , the most stringent constraint on the decaying DM models comes from the cosmic diffuse γ-rays, which was precisely measured by EGRET [35] and more recently by Fermi-LAT [36] . In our present work, the dark matter contribution to the diffuse γ-rays could be produced from the leptonic final state radiation associated to the DM leptonic decay and the scattering of the resultant electrons/positrons to the interstellar medium (ISM) via bremsstrahlung as well as the low-energy photons inside and outside of our Galaxy via the inverse Compton (IC) process. As a result, with the parameters obtained by fitting the AMS-02 positron fraction and the Fermi-LAT total e + + e − flux, the total diffuse γ-ray spectrum is completely fixed. We will demonstrate that the predicted diffuse γ-ray spectrum does not exceed the Fermi-LAT bound, and somehow agrees with the measured spectrum well.
The paper is organized as follows. In Sec. II, we first perform the χ 2 -fitting of the AMS-02 positron fraction and the Fermi-LAT total electron/positron flux with a single component DM. We then propose the multi-component DM scenario to fit the data by carefully examining the simplest case with only two components. In Sec. III, we predict the total diffuse γ-ray spectrum and compare it with the Fermi-LAT data. In Sec. IV, we build a simple microscopic model to realize the two-component DM scenario. Our conclusions are presented in Sec. V.
II. FITTING DECAYING DARK MATTER MODELS WITH AMS-02 AND FERMI-LAT DATA

A. Sources and Propagation of Cosmic-Ray in the Galaxy
The propagation of various charged CR particles in our Galaxy is well described by the general diffusion-reacceleration equation, given by [37] 
where ψ(x, p, t) is the number density of CR particles per unit of momentum, Q(x, p) is the source term, and D xx is the spatial diffusion coefficient which is parameterized as a power law D xx = βD 0 (ρ/ρ r ) δ with ρ = p/(Ze) the rigidity of the cosmic ray, ρ r the reference rigidity, β = v/c the velocity and δ the power spectral index. The normalization constant D 0 and the power index δ are determined by fitting the experimental values of the secondary-toprimary ratios, such as B/C, and the unstable-to-stable ratios of secondary particles, such as 10 Be/ 9 Be and 26 Al/ 27 Al. The overall convection driven by the stellar wind is characterized by the convection velocity V c , and the reacceleration process is described by the diffusion coefficient in the momentum space
(1),ṗ = dp/dt denotes the momentum loss rate, while τ f and τ r the time scales for the nuclei fragmentation and radioactive decay, respectively. In the usual CR propagation model, the CR diffusion is confined in a Galactic halo which is parametrized as a cylinder with half-height z h and radius r h , while the densities of the CR components vanish at the boundary of the halo. In our computation, we take z h = 4 kpc and r h = 20 kpc.
The source term Q(x, p) for the primary particles is the product of the particle injection spectra q n,e (ρ) and the CR source spatial distribution f (R, z), which are broken power-law functions with respect to the rigidity ρ and the supernova-remnant (SNR) type:
respectively, where γ n,e 1(2) are the spectral index below (above) the nucleus and electron broken rigidities ρ n,e br , R ⊙ = 8.5 kpc is the distance between the Galactic center and our solar system and z s = 0.2 kpc is the characteristic height of the Galactic disk. Here, we have adopted a = 1.25 and b = 3.56 by following Ref. [38] .
The collisions of the primary CR particles in the interstellar medium (ISM) would produce the secondary particles. For our present interest, the secondary positrons and electrons are the final products of the decay chain of the pions and kaons originated from such collisions, which can be calculated along with solving the CR diffusion equations.
The primary electrons and secondary electrons/positrons constitute the background of the e + + e − flux. However, in order to explain the AMS-02 and Fermi-LAT results, we need to introduce additional primary source terms Q DM ± into the positron/electron diffusion equations. In this study, we shall always adopt the isothermal profile as our DM distribution in the Galaxy [39] , which is given by:
where ρ 0 = 0.43 GeV · cm −3 , r c = 2.8 kpc is the core radius, and r ⊙ = 8.5 kpc is the distance between the galactic center and our solar system as R ⊙ . The variable r is the distance from the Galactic center to the position of the DM source. The e + /e − injection spectra induced by the DM decays are, however, much model-dependent, so that they are introduced in the corresponding subsections below.
After the propagation of the CR by taking into account the energy losses for electrons/positrons by ionization, Coulomb interaction, inverse Compton (IC) scattering, bremsstrahlung and synchrotron radiation under the galactic magnetic fields, we can obtain the electron/positron fluxes observed around the earth through the relation Φ e = (c/4π)ψ(E). In the present work, we use the numerical package GALPROP [40] to consistently solve the coupled diffusion-reacceleration equations for various CR components by including the e + /e − contribution from the decaying DM sources. For our numerical calculations, we apply the parameter set as shown in Table I . As a result, the total fluxes
e,p for electrons and positrons can be expressed by
where the factor κ is inserted to account for the uncertainty in the normalization for the primary electron flux, which should be fixed with other parameters of the model in the fitting procedure.
Finally, due to the solar winds and the heliospheric magnetic field at the top of the atmosphere (TOA) of the earth, the fluxes of the CR particles would be affected. Here, we use the simple force-field approximation [41] to account for this solar modulation effect, that is, the measured electron/positron fluxes at the TOA are related to the interstellar ones via:
where T TOA = T − φ F is the kinetic energy of the electrons/positrons at the top of the atmosphere and numerically we take the potential φ F = 0.55 GV.
B. General Discussion of Decaying Dark Matter Scenario
In the decaying DM scenario, although the lifetime of each DM component is typically of O(10 26 s) which is much longer than the age of the universe τ U ≈ 4 × 10 17 s, it is remarkable that such a low decay rate is already enough to provide a sufficient amount of positrons and/or electrons to explain the AMS-02 and Fermi-LAT excesses. The e ± source terms Q DM e,p induced by the DM decays can be generally expressed as
where M i , τ i and ρ i (x) denote the mass, lifetime and energy density distribution for the i-th DM component in our Galaxy, respectively, and (dN e,p /dE) i is the differential electron/positron multiplicity per annihilation, which depends on the main decaying processes of the DM. In the following, we focus on the scenario in which all DMs dominantly decay through two-body leptonic processes χ i → l ± Y ∓ , where χ i represents the i-th DM particle, l = e, µ and τ , and Y is another heavy charged particle with mass M Y , which is illustrated in Fig. 1 . In this simple two-body decay scenario, (dN e,p /dE) i is fully determined by the kinematical analysis, in which the produced leptons have a definite energy E c which can be written as a function of M i and M Y . Thus, when l = e, the e + /e − energy spectrum is just a delta function: dN
where x = E/E ci . For the l = µ and τ cases, the subsequent decay would give one or more positrons/electrons. The normalized e ± energy spectrum dN µ /dE has the following analytical expression: with x = E/E ci , while dN τ /dE can be obtained by the simulation of the τ decay with PYTHIA [42] . For the general situation with all decay channels of l = e, µ and τ simultaneously, the total electron/positron energy distribution from the decaying DMs can be normalized as
where ǫ e,µ,τ i are the branching ratios for three leptonic channels of the i-th DM with the
, and the factor 1/2 takes into account that e − and e + come from two different channels. This normalization relation means that the leptonic decay channels dominate over other ones, realizing the leptophilic scenario which is favored by the current measurement of the antiproton flux spectrum in CR by PAMELA [43] . These branching ratio parameters will be determined by fitting the e ± spectra in the following subsections.
Note that in our present setup, we assume that the DM decays will give the same amount of electrons and positrons, rather than the asymmetric DM scenario [30] . Moreover, at the first sight our present leptonic decay channels are different from the ones in DM → l + l − usually considered in the literature, but the final e ± spectra are essentially identical just by the replacement of the energy cutoff E ci with the half DM mass M i /2. Clearly, with the simple rescaling of the obtained DM lifetimes τ i and masses M i , our fitting may also be generalized to DM → l + l − .
C. Fitting Results with the Single-Component Decaying Dark Matter
In this subsection, we shall concentrate on the simplest case with only one DM component. Within the above general framework with the DM mass M = 3030 GeV, we have 5 parameters: the primary electron spectrum normalization factor κ, energy cutoff E c , DM lifetime τ and two independent branching ratios ǫ e and ǫ τ , which will be determined by fitting the data points of the AMS-02 positron fraction and the Fermi-LAT total e ± flux.
In addition, ǫ e and ǫ τ should be subject to the constraint ǫ e + ǫ τ ≤ 1 by considering the possible contribution from the µ-channel. Note that the Fermi-LAT data show that the e ± excess extends as high as to 1 TeV, which indicates that the DM cutoff E c should be, at least, equal to or larger than 1 TeV. Since our purpose is to discuss the generic feature of the proposed decaying DM scenario, we fix E c to be 1 TeV, 1.3 TeV and 1.5 TeV respectively, while fitting other four parameters. In this work, we take the 42 data points of the positron fraction from AMS-02 [1] with energy above 10 GeV and the 26 data points of the total flux of electrons and positrons from Fermi-LAT [14] . The selection constraint with energy above 10 GeV is set in order to reduce the effects of the solar modulation. In total, we consider 68 data points in our global fits. For the fitting procedure, we use the simple χ 2 -minimization method, in which the χ 2 -function is constructed as
where y th i are the theoretical predictions for the positron fraction or the total e + + e − flux and y exp i are the corresponding experimental data points with errors σ i . The index i runs over all the data points. The point in the parameter space which gives the minimal χ 2 value will be the best-fit point for our DM model.
The best-fit results are shown in Table II and Fig. 2 for the three cases with the electron energy cutoff at E c = 1 TeV, 1.3 TeV and 1.5 TeV, respectively. From Table II , we find that
f is always larger than 7 and it tends to increase with a larger E c , suggesting that the single DM models with the five parameters {κ, E c , τ, ǫ e , ǫ τ } cannot provide a reasonable fit to the AMS-02+Fermi-LAT data. This result agrees with the previous studies in the singlecomponent decaying DM models [28] . It is also interesting to note that for all the three cases, the best fits indicate that the DM µ-channel does not contribute the electron/positron flux since ǫ e,τ always saturate the constraint ǫ e + ǫ τ = 1. Table II. From the technical perspective, the failure of the fitting can be attributed to the fact that the positron fraction from all three leptonic DM decaying channels are harder than the measured spectrum by AMS-02. Since the AMS-02 data in the low energy range, around E ≃ 10 GeV, have very small errors and thus dominate the value of χ 2 , the parameters are, in fact, already fixed by saturating those data points. The resultant e ± spectra deviate from the Fermi-LAT and AMS-02 data at high energies as depicted in Fig. 2 .
Therefore, the insufficiency to fit the AMS-02 positron fraction and the Fermi-LAT total e + + e − flux implies that the single-decaying DM scenario should be extended to a more complicated situation. There are several ways to do this. One interesting idea is to split the whole DM density into multiple components, which will be discussed in a great detail in the next subsection.
D. Fitting with the Two-Component Decaying Dark Matter
The multiple-component DM scenario is very interesting from a phenomenological perspective [31, 32, 44] . In this subsection, we consider the implication of the multiplecomponent DM to the indirect DM search. In particular, we shall show that with the two DM components, denoted by DM L(H) , representing the lighter (heavier) DM, it is enough to accommodate the AMS-02 positron fraction and the Fermi-LAT total positron/electron flux simultaneously. In addition, if the decay of the DM L to e ± terminates at around 100
GeV, the cutoff energy E cL would manifest itself as the fine structure of "jerk" or "flash damp" [32] in the positron fraction and total e + + e − flux spectra, as implied by AMS-02, Fermi-LAT, and many others.
For simplicity, we shall assume that each of the two components carries half of the total energy density of DM in the Galaxy and in the whole universe. We also take that the three two-body charged leptonic decay channels are the major decaying processes for both DM components as specified in Sec. II B. Consequently, the extra electron/positron source term due to DM decays should be modified to:
where the subscripts L and H represent the quantities corresponding to DM L and DM H with choosing M L,H = 416 and 3030 GeV, respectively. In order to make the total flux excess cover the whole Fermi-LAT energy range, the energy cutoff for DM H is set to E cH = 1500 GeV.
The fine structure around 100 GeV shown in the AMS-02 data determines E cL = 100 GeV.
The normalized total electron/positron differential multiplicity
for each DM is After some tentative fits, we find that the minimum of χ 2 can be obtained when ǫ Table III. while the lighter one mainly through the electron and tau channels with the latter being the dominant one. The determination of the flavor dependence of the DM decay channels displays the power of the indirect DM search method.
The predicted positron fraction and total e + + e − flux based on the best-fit parameters are depicted in Fig. 3 . The fine structure around 100 GeV is evident in the positron fraction, and less significant in the total e + + e − flux, both of which agree well with the experimental data of AMS-02 and Fermi-LAT. If this fine structure persists and becomes clearer when more data are accumulated by AMS-02, Fermi-LAT and many others in the near future, it would be an important support to the multi-component DM scenario.
Finally, we would like to give some discussions on our fitting results when the data sets are changed. More recently, the AMS-02 collaboration has showed their measurement on the total e + + e − flux. If we use the AMS-02 data on the total flux instead of the Fermi-LAT ones, we have checked that the present setup would give essentially the same level of the fit. The main difference is that the ratio of the primary electron source is increased and the lifetime of the lighter DM is reduced, reflecting the fact that we need more e + /e − at the low energy shown in the AMS-02 data. Another issue is related to our data-taking criterion that we only adopt the data point with the energy above 10 GeV. Since the error bars at the low energy are small, it is expected that the data just above this energy cutoff would give the most important statistical power so that the variation of this cutoff slightly would alter the final fitting result. However, from the χ 2 −fitting, we find that the rise of the cutoff to 20
GeV does not lead to a large effect, which may be related to the fact that the precision of the AMS-02 positron fraction data in the whole energy range is much higher than that of the Fermi-LAT total e + + e − flux and thus still dominates the fitting.
III. DIFFUSE GAMMA RAY FROM DARK MATTER DECAY
As discussed in Refs. [21, 33, 34, [45] [46] [47] [48] [49] , the positrons/electrons from the DM decays or annihilations are always accompanied with the emissions of high energy photons, which would contribute to the diffuse γ-ray background. In order for the decay of a typical DM candidate to account for the observed positrons and electrons in AMS-02 and Fermi-LAT, the associated flux of high-energy γ-rays would have the potential to exceed the diffuse γ-ray data by Fermi-LAT [36] and EGRET [35] . As pointed in Refs. [46] [47] [48] , especially
Ref. [33, 34] , a large range of the parameter space of the decaying DM models with the usual decay channels trying to explain the PAMELA and Fermi-LAT positron/electron excesses has already been excluded. Thus, it is necessary to consider whether our multi-component decaying DM scenario, in particular the two-component DM case discussed in the previous section, is still viable under the diffuse γ-ray constraints.
In this section, we compute the total diffuse γ-ray flux by taking account of all possible γ-ray sources, including the usual astrophysical diffuse background γ-ray radiation inside and outside our Galaxy as well as the DM contributions. We will compare our result with the Fermi-LAT inclusive continuum photon spectrum [36] , which was measured within the energy range 4.8 GeV < E γ < 264 GeV for the sky in the high latitude with |b| > 10 In the present work, we adopt the following parameterization:
which is obtained by fitting the low energy spectrum of the EGRET γ-ray data [21, 35] .
The total sum of these two backgrounds is shown as the black dashed line in Fig.4 .
The DM decays can provide a lot of new sources for the γ-ray flux. Inside the Galaxy, the extra high-energy electrons/positrons as the decay products of the two DM components can induce the γ-rays by the collision with the ISM via bremsstrahlung and the scattering with the starlight, IR photons and the Cosmic Microwave Background (CMB) via IC, both of which can also be computed by using the GALPROP package. Furthermore, we should also consider the γ-rays coming from the associated DM prompt decays. Since our two DM components decays involve e, µ and τ channels, γ-rays can be emitted via the internal bremsstrahlung [45] or final state radiation (FSR) [36, 46] from the external lepton legs.
For the µ-channel, we also include the effects of the radiative muon decays [46] , e.g., µ + → e +ν µ ν e γ and µ − → e −ν µ ν e γ. For the τ -channel, the produced τ decays produce many π 0 , which can further decay into two photons with the total spectrum parameterized as [46, 50] :
where y = E γ /M H,L for two DM components. The three lepton FSRs, the radiative muon decays and the pion decays from τ will be called the prompt decay below. The relative size of these contributions can be completely determined by the fitted ǫ e,µ,τ H,L listed in Table III . Outside the Galaxy, the DM-induced γ-rays are mainly generated by the prompt decays and the ICs of the electrons and positrons from the DM decays with the CMB photons.
Different from the prompt decays inside the Galaxy, we need to consider the γ-ray redshift Note that the gray band represents the total error, including all the systematic and statistical ones.
effects caused by the cosmic expansion, which is encoded in the following formula [48] :
where y = 1 + z with z being the redshift, c is the speed of light, H 0 represents the present value of the Hubble parameter, ρ c is the critical density, and (
6914) with h = 0.6777 [51] are the density parameters of DM, total matter, and cosmological constant, respectively. The lifetimes τ H,L , masses M H,L and flavor weights ǫ e,µ,τ H,L for the γ-ray injection spectra of the two DMs are obtained by the χ 2 -fits in the previous section, which are listed in Table III . As for the computation of the extragalactic IC scattering contribution, we follow the treatment in Ref. [47] . The final results for the various galactic and extragalactic contributions, as well as the total γ-ray spectrum, are presented in Fig. 4 .
In Fig. 4 , different γ-ray components with different origins are evident. In the energy range E γ 0.1 GeV, only the isotropic extragalactic source in Eq. (13) yields the contribu-tions. Beyond that range, the ordinary galactic background (pion decay + inverse Compton scattering + bremsstrahlung) begins to dominate the total γ-ray spectrum. The DM contributions become prominent when E γ 1 GeV, extending to as high as 1500 GeV with the sharp cutoff. On top of that, the drop-out of the lighter DM component is also obvious as the fine structure around 100 GeV. Remarkably, the measured inclusive continuum γ-ray spectrum by Fermi-LAT given in Ref. [36] also shows this fine structure in the expected energy range. If this fine structure survives and becomes clearer with more data accumulated in the near future, it would be a strong support of the existence of the 100 GeV DM component. Moreover, our model predicts the sharp falloff above 1000 GeV, which is a clean evidence for the second DM component and could be observed by Fermi-LAT as well as other future experiments such as Cherenkov Telescope Array [52, 53] .
Finally, it is observed from Fig. 4 that the predicted γ-ray spectrum in our model is consistent with the Fermi-LAT measurement in all the measured energy range. In order to make this observation more precise, we calculate the usual χ 2 with the 82 Fermi-LAT data points and find that χ 2 = 79.1 with χ 2 /d.o.f = 0.965, which is sufficient to illustrate that the predictions in our two-component DM model agree with the actual measurement well. This conclusion seems to contradict the stringent DM lifetime bound obtained in Ref. [33, 34] .
Here, we want to give some remarks on the possible reasons for these differences of our present result from others. The main difference of ours from Ref. [33] lies in the interpretation of the composition of the Fermi-LAT data: Ref. [33] assumes that the spectrum can be obtained with the conventional astrophysical sources, and can be fitted with the simple power law function. The possible contribution from DM can only be compared with the residue after the subtraction of the data points to this background function, resulting in a very stringent DM lifetime bound. In our treatment here, however, we try to calculate every γ-ray contribution precisely. Except for the EGB part from the analysis of the first-year Fermi-LAT data, the other contributions are actually already determined after we specify our CR diffusionreacceleration parameters listed in Table I and fix the model parameters in Table III by fitting the AMS-02 and Fermi-LAT data. As for the constraint from Ref. [34] , we need to be more precise since the authors, Papucci and Strumia (PS), in Ref. [34] did not assume any astrophysical background at all in their derivation. From process. Also, an extra suppression from the DM mass requires to be considered. By taking all of these suppressions into account, we can transform the DM lifetime bounds shown in
Ref. [34] into that in our case through the following formula, Table III. In sum, our calculation is completely consistent with the fit of the AMS-02 positron fraction and the Fermi-LAT e ± flux, thus representing the generic prediction of the diffuse γ-ray emission for the present multi-component decaying DM model.
IV. MICROSCOPIC MODEL REALIZATION OF MULTI-COMPONENT DARK MATTER SCENARIO
The previous phenomenological analysis has already shown that the two-component DM scenario is promising to solve the e + /e − anomalies of the AMS-02 and Fermi-LAT data at the same time, while satisfying the diffuse γ-ray constraint from Fermi-LAT. On the other hand, a microscopic points of view would help us understand the underlying dynamics deeper. In this section, we would like to construct a particle physics model to realize this two-component DM scenario, which is a simple two-component DM extension of the one in Ref. [25] . The starting point is to introduce two SU(2) L singlet fermions N R 1,2 with hypercharge Y = 0 and two SU(2) L doublet scalars η and ζ with the same hypercharge Y = −1. Two Z 2 symmetries are imposed on these newly introduced particles with the corresponding charges presented in Table IV . Note that N R 1,2 are the two DM candidates, 
Illustration for the process of the DM particle N R decaying into charged leptons l ± and heavy charged particles ζ ∓ through the mixings with η ∓ .
achieved by requiring that the tree level mass of η should be larger than those of N R 1,2
such that the decays of N R 1,2 through the Z 2 × Z ′ 2 -allowed Yukawa interactionsL L i N R 1,2 η are kinematically forbidden, where the subscripts i = 1, 2, 3 stand for three generations.
However, in order for the two DM components to decay, we also need to further explicitly break Z 2 × Z ′ 2 by adding the soft-breaking term µ 2 ζ † η with the characterizing energy scale µ, as well as demanding the mass of the doublet ζ is smaller than those of two DMs M 1,2 .
Thus, the relevant Lagrangian to the two decaying DM components N R 1,2 is given as follows:
where the scalar potential V includes all other possible interactions involving η and ζ. The An interesting prediction of this model is that there is the same amount of neutrino fluxes from the DM decay as the leptons. This can be easily seen from Fig. 5 when we make an SU(2) L rotation in terms of the decay products, ζ ± and l ∓ , to their SU(2) L neutral partners, ζ 0 and ν e,µ,τ . Currently, the search for neutrinos from annihilating and decaying DMs is performed in the South Pole by the IceCube Collaboration [54, 55] . The analysis of data of neutrinos from the Galactic halo [54] and the Galactic center [55] can already give quite tight bounds on the annihilation cross sections for the annihilating DM explanation of the positron/electron excesses, but for the decaying DM scenario the bound on the DM lifetime is rather weak, only from O(10 22 s) to O(10 24 s) for different decay channels, particularly for typical leptonic channels. As a result, our two-component model predicts that the two lifetimes of two DMs are of few×O(10 25 s), which can be potentially observed by the nearfuture IceCube experiments.
V. CONCLUSIONS
Both the precise measurements of the positron fraction by AMS-02 and the total e + + e − flux by Fermi-LAT evidently show the uprise above 10 GeV, which cannot be explained by the traditional astrophysical sources. Decaying DMs could be one appealing possible origin for these extra e ± . However, for the simplest scenario with only one DM component decaying mainly through two-body leptonic channels, it is not easy to accommodate both experiments. In the present work, we have investigated the multi-component DM scenario as one possible solution to the above problem, in which at least two DM components possess their own two-body leptonic decays. As a byproduct, the fine structure around 100 GeV observed in the data of both the AMS-02 positron fraction and the Fermi-LAT total e + + e − flux can have the simple explanation that the lighter DM contribution drop out there. By performing the simple χ 2 -fitting of the two spectra, we have found that the heavier DM component with the energy cutoff larger than 1 TeV decays dominantly through the µ-channel, while the lighter one with exactly 100 GeV cutoff mainly via the τ -channel with the minor contribution from the direct e-channel.
With the fitted parameters, we have predicted the spectrum of the diffuse γ-ray emission in our two-component DM model. By comparing the spectrum with the one measured by Fermi-LAT [36] , we have demonstrated that it is consistent with the Fermi-LAT data points,
showing that our present two-component DM model is still allowed by the current Fermi-LAT γ-ray measurement. We note that the Fermi-LAT constraint is not so stringent as pointed in the previous study [33] .
Finally, we have built a microscopic particle model to realize the above two-component decay DM scenario. With the appropriate choice of the particle masses, mixings and couplings, it is quite natural to obtain the lifetimes of the two DM components to be of O(10 26 s).
Our scenario also predicts the same amount of the neutrino flux signal, which is expected to be observed in the future IceCube experiments.
